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Social network analysis of a chimpanzee (Pan troglodytes) group in 
captivity following the integration of a new adult member 
 
Abstract 
Management of primates in captivity often presents the challenge of introducing new 
individuals into a group, and research investigating the stability of the social network in the medium-
term after the introduction can help inform management decisions. We investigated the behavior of 
a group of chimpanzees (Pan troglodytes) housed at Chester Zoo, UK over 12 months (divided into 
three periods of four months) following the introduction of a new adult female. We recorded 
grooming, proximity, other affiliative behaviors and agonistic behaviors and used Social Network 
Analysis to investigate the stability, reciprocity and structure of the group, to examine the effect of 
rearing history on grooming network position and the role of sex in agonistic behavior. Both the 
grooming and agonistic networks correlated across all three periods, while affiliative networks 
correlated only between periods two and three. Males had significantly higher out-degree centrality 
in agonistic behaviors than females, indicating that they carried out agonistic behaviors more often 
than females. There was no significant difference in centrality between hand-reared and mother-
reared chimpanzees. Overall, the group structure was stable and cohesive during the first year after 
the introduction of the new female, suggesting that this change did not destabilize the group. Our 
findings highlight the utility of Social Network Analysis in the study of primate sociality in captivity, 
and how it can be used to better understand primate behavior following the integration of new 
individuals. 
Keywords: Social Network Analysis, grooming, association, management, chimpanzees, 
rearing, sex 
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Introduction 
Captive environments offer opportunities for researchers to study and understand primate 
behaviour, but they often also present numerous challenges (Hosey 2005). A common challenge in 
captive management of primates is the need to integrate new members into an established group. 
Research on new introductions in captivity is limited and often focuses on how these events inform 
management decisions (Brent et al. 1997). However, research investigating how new introductions 
affect the animals themselves in terms of group dynamics and social relationships is scarce.  
Primate relationships are well-known for being stable over time (Koski et al. 2012), but group 
changes can potentially alter these relationships, disrupting the group stability (Flack et al. 2006). The 
introduction of new individuals can alter group dynamics by creating new connections that can disrupt 
the already established structure of the group. For example, a study on Sulawesi crested macaques 
(Macaca nigra) found that the introduction of a new male lead to a temporary increase in grooming 
among females of the group, although the grooming network reverted back to normal in the following 
ten weeks (Cowl et al. 2020). In addition to studying grooming networks, agonistic networks may be 
good indicators of disruptions after an introduction. For instance, integrations of adult male rhesus 
macaques (Macaca mulata) are considered successful if the male remains in the group for four weeks 
without significant behavioral problems (e.g. severe aggression to or from the females in the group; 
Rox et al. 2019). 
Studying the stability of a group after an introduction requires a careful consideration of other 
factors that can affect the position of individuals in the social network, such as early social history 
(Suomi 1997), as these factors might be especially relevant during periods where new social ties are 
being formed. Rhesus macaques with a history of maternal deprivation show decreased social 
competence (Kempes et al. 2008) and often fail to reconcile after conflict (Kempes et al. 2009). 
Common marmosets (Callithrix jacchus) that received reduced early care show increased signs of 
stress and decreased social play later in life (Dettling et al. 2002). Social deprivation also has negative 
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effects in adult chimpanzees (Freeman et al. 2016; Murray 1998) and presents an additional challenge 
in the integration of gorillas (Gorilla gorilla gorilla) in captivity (Burks et al. 2001). Similarly, as agonistic 
behaviors are particularly relevant as indicators of group stability after introductions (Rox et al. 2019), 
it is important to consider the possible sex differences in aggression that some primate species are 
known to exhibit (Bernstein and Ehardt 1985, Fedigan and Baxter 1984, Kulik et al. 2015, Muller and 
Mitani 2005). Male capuchin monkeys (Sapajus apella), for example, display more frequent agonistic 
behaviours towards new individuals than females, usually shortly after the introduction but 
sometimes several days later (Cooper et al. 2001). 
Social Network Analysis is a useful tool to investigate aspects of primate group structure such 
as reciprocity and stability over time and can also be used to inform the management of animals in 
captivity (Rose and Croft 2015). For example, high grooming reciprocity is a good predictor of lower 
aggressive outbreaks in rhesus macaques (McCowan et al. 2008). Similarly, grooming reciprocity is 
associated with decreased aggression in male Tibetan macaques (Macaca thibetana, Xia et al. 2013), 
while females tend to show higher reciprocity with other females of adjacent ranks (Xia et al. 2012). 
Grooming networks are known to be highly stable in rhesus macaques (Massen and Sterck, 2013) and 
female baboons (Papio sp, Silk et al. 2012), with some research showing that wild baboon groups 
remain stable after group changes, showing only a limited reduction in grooming degree in the first 
month after an adult leaves the group (Franz et al. 2015).   
Chimpanzees are an important species to focus on for the measurement of response to 
change in the medium-term because they are a highly social species that live in multi-male, multi-
female groups with high fission-fusion dynamics (Lehmann et al. 2007). Further, in the wild female 
chimpanzees leave their natal community to join neighbouring communities (Foerster et al. 2015; 
Lehman and Boesch, 2009; McCarthy et al. 2018). For resident females, the immigrant females provide 
more competition for feeding, whereas for resident males, immigrant females provide new 
opportunities for mating (Kahlenberg et al. 2008a). Female immigrants receive higher levels of 
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aggression than resident females (Kahlenberg et al. 2008b; Pusey et al. 2008), hold lower dominance 
ranks and have higher levels of physiological stress, as measured by cortisol (Kahlenberg et al. 2008a). 
Immigrant females form strong associations with adult males, which intervene to reduce the amount 
of aggression they receive (Kahlenberg et al. 2008a).  Given that immigrant females have a large effect 
on patterns of sociality in the wild (Kahlenberg et al. 2008a; Kahlenberg et al. 2008b; Pusey et al. 
2008), it is important to examine the impact of new adult females being introduced into a captive 
group. Thus, the aim of this study is to examine how the introduction of a new adult female into a 
captive group affects the stability of the group over the medium term, whilst also examining two other 
factors that affect patterns of sociality – early life history and sex. 
Chimpanzees in captivity show strong group cohesion and distinct social roles, where each 
individual contributes to the overall group structure in a different way (Funkhouser et al. 2018; 
Kanngiesser et al. 2011). Group size has been found to relate to differences in personalities (Murray 
1998), with those living in larger groups displaying higher levels of traits associated with positive 
characteristics – including sociability, gentleness and intelligence – in contrast to those housed in pairs 
or trios. Captive groups of chimpanzees are flexible and show stable structures during changes of 
environment (Koyama and Aureli 2019) and partial stability during changes in dominance (Koyama et 
al. 2017). The effects of rearing history in adult socialization are well studied in chimpanzees. 
Chimpanzees that have experienced deprived maternal contact and decreased social interactions 
manifest personality differences, including higher eccentricity (Murray 1998) and show reduced 
grooming later in life (Freeman and Ross 2014; Kalcher-Sommersguter et al. 2015). Although 
chimpanzees with different origins do not show significant differences in grooming centrality or 
network position in captivity (Levé et al. 2016; Rodrigues and Boeving 2019), group density is 
significantly affected by the removal of wild-born chimpanzees but not captive-born chimpanzees in 
simulated models (Levé et al. 2016). Sex differences in chimpanzee aggression are also well 
documented. Males initiate aggression more often than females (Muller 2002), although females that 
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recently immigrated into the group tend to receive more aggression from females than from males 
(Kahlenberg et al. 2008a). 
In this study, we analyze social networks based on proximity, grooming, other affiliative 
behaviors and agonistic behaviors of the chimpanzee group at Chester Zoo, during the first year after 
the introduction of a new adult female. Studies often focus on grooming as the only affiliative behavior 
(Koyama et al. 2017; Levé et al. 2016) or include grooming in the affiliative network (Clark 2011), 
although some studies complement these with proximity networks (Clark 2011; Funkhouser et al. 
2018). We investigated proximity, grooming and other affiliative behaviors (embrace, social play, 
begging, sharing food and sexual contact) separately to obtain a more detailed picture of patterns of 
affiliation in the group. We had three objectives: 1) to investigate the stability, reciprocity and 
cohesion of the social networks for grooming, affiliative and agonistic behaviors after the introduction 
of a new female in the group; 2) to investigate whether chimpanzees differed in their grooming 




Study subjects and site 
The study group consisted of 19 chimpanzees, seven males and 12 females, housed at Chester 
Zoo, UK.  All ages and kin relations of the chimpanzees are known from zoo records; seven were hand-
reared and the rest mother-reared (Table 1); reproduction was controlled with reproductive implants 
during the study.  
Table 1. Chimpanzee subjects in a study of social networks at Chester Zoo, UK, 2017. 




Carlos M 12 15 Mother-reared 
Eric M 14 17 Mother-reared 
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Dylan  M 30 15 Mother-reared 
Friday M 41 16.7 Hand-reared 
Nicky M 48 15.7 Hand-reared 
Wilson M 49 15.7 Hand-reared 
Boris M 51 15.7 Hand-reared 
Tina F 8 15 Mother-reared 
Patti F 20 15.7 Mother-reared 
Chrissie F 21 16.3 Mother-reared 
Vila F 22 17 Mother-reared 
Zee Zee F 23 15.7 Mother-reared 
Layla F 25 15 Mother-reared 
Alice F 26 15.3 Mother-reared 
Sally F 29 15.7 Mother-reared 
Sarah F 31 15.3 Mother-reared 
Mandy F 40 17 Hand-reared 
Farthing F 42 16 Mother-reared 
Rosie F 44 16.7 Hand-reared 
*Age at beginning of study in January 2017 
The chimpanzee group has access to a 143 m2, 12 m high round indoor enclosure, with off-show back 
beds, and a 2000 m2 outdoor area which they use during the day (Koyama et al. 2017). The indoor 
enclosure contained a 9 m high metal structure with wooden platforms, nets and ropes as well as nets 
around the walls and ceiling. The outdoor enclosure contained vertical wooden poles connected with 
ropes as well as a variety of bushes and grass on the ground. Water was freely available at all times, 
and food including fruit, vegetables and primate pellets was provided 2-3 times a day. Hay was 
provided as nesting material every morning. 
All the chimpanzees formed a single, well-established group. Two chimpanzees were born 
outside the group: Boris is wild-born and was integrated into the group in 1969 and Farthing was born 
in a different zoo and was integrated in 1984. No other chimpanzees had been introduced since 1984 
and all other individuals were born at Chester Zoo. Vila arrived at the zoo in August 2015 with another 
adult female, Kiki, who subsequently passed away in October 2016. Vila was introduced gradually to 
the group in the off-show area under careful supervision by the keeper team before our study. We 
investigate the group structure from the moment when Vila was let into the indoor and outdoor zones 
to associate freely with all group members in January 2017. 
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Data collection 
We observed the group for 301 hours from January 2017 to December 2017. Observation 
sessions usually lasted four hours, between 10am and 3pm, during regular zoo opening times. Data 
collection consisted of 20-minute sessions using 1-minute instantaneous sampling to record grooming 
behaviors from or directed to the focal animal and individuals within arm’s reach of the focal animal. 
We recorded all social interactions of all individuals ad libitum (Altmann 1974; Clark 2011). We defined 
behaviors using Clark´s (2011) ethogram (Appendix 1). We chose focal individuals opportunistically 
from those who were clearly visible, and balanced observations to observe all individuals for a similar 
amount of time. We calculated inter-observer reliability between the main observer and two 
additional observers for state behaviors during the first month of data collection (Cohen’s kappa k= 
0.83). We shared monthly reports of the observations of grooming, affiliative and agonistic behaviors, 
including sociograms and centrality measures, with the primate team at Chester Zoo. 
 
Ethical Note 
The study was approved by the Ethics Committee of the School of Psychology at the 
University of Chester and the Research Committee of Chester Zoo. The study required only 
observational data; no manipulation of the animals or their environment was needed, and we 
observed animals during their normal display hours at the zoo. 
 
Data Availability 
The datasets used and analyzed during the current study are available from the 
corresponding author on reasonable request. 
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Social Network Measures 
We created four separate networks to analyze different aspects of the group structure: 
proximity, grooming, other affiliative behaviors, and agonistic networks. Grooming is widely used as 
an indicator of chimpanzee relationships (Koyama et al. 2017, Levé et al. 2016) and proximity is often 
used in addition to grooming in Social Network Analyses (Funkhouser et al. 2018; Kalcher-
Sommersguter et al. 2015; Schel et al. 2013). Agonistic behaviors (Appendix 1) are commonly reported 
in management studies, particularly during integrations (Brent et al. 1997; Schel et al.2013). Other 
affiliative behaviors are also commonly reported in Social Network Analyses (Clark 2011; Funkhouser 
et al. 2018) and the behaviors included in this affiliative network were embrace, social play, begging, 
sharing food and sexual contact (Appendix 1). We did not include grooming or proximity in the 
affiliative behaviors network, because we report these separately. Each network had 19 rows and 19 
columns, representing the 19 total focal chimpanzees, with a total of 342 dyads. 
We used simple ratio indices ranging 0–1 to quantify the amount of time spent together or 
the amount of interaction between individuals while accounting for different observation times. We 
used these indices to create an undirected (symmetrical) proximity matrix and a directed 
(asymmetrical) grooming matrix (Whitehead and James 2015). We used half-weight ratio indices, also 
ranging 0-1, as a more conservative estimate of association to create directed (asymmetrical) matrices 
for affiliative and agonistic interactions (Farine and Whitehead 2015). 
We calculated in-degree (mean value of interactions received) and out-degree (mean value of 
interactions given) to assess how well connected each individual was (Rose and Croft 2015). We also 
calculated betweenness centrality (the number of times the focal is in the shortest path connecting 
two other nodes), to determine which individuals are important in keeping the group connected (Rose 
and Croft 2015). Degree is useful to measure which individuals have strong direct connections in the 
network, while betweenness allows the identification of individuals that play an important role in 
connecting isolated members of the group (Kanngiesser et al. 2010; Koyama and Aureli 2019). Both 
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measures work well with weighted data in both directed and undirected networks (Borgatti et al. 




We explored changes in the group structure by dividing the 12 month data collection period 
into three time periods of four months each: January to April, May to August and September to 
December. Studies have used this approach with this group of chimpanzees to examine network 
stability over time (Koyama et al. 2017). We calculated Quadratic Assignment Procedure (QAP) 
correlations in R v. 3.6.1 (https://www.R-project.org) with the interface RStudio 3.5.1 
(http://www.rstudio.com) using the package “sna” to test the consistency of grooming, affiliative and 
agonistic behaviors across the three time periods. This procedure correlates two matrices by 
modifying them into two columns and calculating Pearson’s r between them. It creates a set number 
of random permutations with the rows and columns of the matrices to create a distribution to 
compare with the correlation obtained to calculate the significance of the correlation. The p-value is 
calculated by determining the proportion of times that the random correlations are larger than the 
observed correlation. All analyses used 5000 permutations and an alpha value of 0.05. 
 
Network reciprocity and sub-group detection 
We analyzed network reciprocity in grooming, agonistic behaviors and affiliative behaviors 
using Mantel Z-tests with the “ape” package in R v. 3.6.1 (https://www.R-project.org) using RStudio 
3.5.1. (http://www.rstudio.com) Mantel Z-tests are a permutation-based procedure used to detect 
reciprocity in behaviors, obtaining a matrix correlation coefficient by correlating the non-diagonal 
elements of two matrices (Hemelrijk 1990). 
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We used hierarchical cluster analysis in UciNet 6.627 (Borgatti et al. 2002), using the average 
between pairs method, to create a dendrogram and detect sub-groups in the proximity matrix, and in 
the symmetrized grooming, agonistic and affiliative matrices. This algorithm detects the strongest 
similarity between two elements (for example, the two chimpanzees that have spent the most time 
in close proximity) and clusters them together. The software repeats this step until a single cluster 
represents the whole group, then provides Q coefficients to measure how well-defined the sub-groups 
are. Q coefficients with values of 0.3 or more indicate good divisions of the network into subgroups 
(Newman 2004). 
 
Sex and rearing history differences 
We calculated node-level permutation t-tests using the “coin” package in R v. 3.6.1 
(https://www.R-project.org) using RStudio 3.5.1 (http://www.rstudio.com) to test for differences in 
the centrality indices of the grooming matrix between hand-reared and mother-reared chimpanzees, 
and for differences in the centrality indices of the agonistic matrix between males and females using 
an alpha value of 0.05. We used the package “effsize” to calculate the effect size using Cohen’s d. We 
also used a permutation-based ANOVA (Symmetry Test) to further investigate differences across the 
three periods in Out-Degree (the mean value of agonistic behavior by the focal individual directed at 
other individuals) to study changes in agonistic behavior over time. We used post-hoc tests with 




Frequency of behaviors 
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Each chimpanzee was involved in a mean of 0.79 (SD 0.63) affiliative interactions per hour, 
and in a mean of 0.50 (SD 0.77) agonistic interactions per hour. Over the three time periods, 
chimpanzees spent a mean of 12.1% of their time grooming (SD 5.8%). Vila, the newly integrated 
chimpanzee, groomed reciprocally with Eric and received grooming from Rosie (Figure 1). Vila 
displayed affiliative ties to Tina, the youngest female in the group, and Dylan, the alpha male, who 
was central to both the affiliative and grooming networks (Figure 2). However, Vila was unconnected 



















Figure 1: Grooming network over 12 months, showing strong grooming ties (one SD above the mean) for the 
chimpanzee group at Chester Zoo, UK (2017). Females are displayed in grey and males in black; arrowheads 
represent direction and strength. 
 
RUNNING TITLE: Social network of captive chimpanzees 
Author Contributions: SD, LM and SR conceived the study. SD developed the methodology, collected and 
analyzed the data and wrote the manuscript. LM, SR and PR provided editorial advice. Authors declare that 
they have no conflict of interests. 
Figure 2: Affiliative network over 12 months, showing strong affiliative ties (one SD above the mean) for the 
chimpanzee group at Chester Zoo, UK (2017). Females are displayed in grey and males in black; arrowheads 























Figure 3: Agonistic network over 12 months, showing strong agonistic ties (one SD above the mean) for the 
chimpanzee group at Chester Zoo, UK (2017). Females are displayed in grey and males in black; arrowheads 
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Correlations between behaviors 
For the full year, we found a significant positive QAP correlation between grooming and 
proximity (r= 0.595, P< 0.001, N= 342 dyads) but the correlations between grooming and affiliative 
behaviors (r= 0.119, P= 0.061, N= 342 dyads) and between grooming and agonistic behaviors (r= 0.064, 
P= 0.130, N= 342 dyads) were not statistically significant. 
 
Correlations between time periods 
We found significant positive QAP correlations for grooming between the first and second 
periods, and between the second and third periods (Table 2). For affiliative behaviors, we did not find 
a significant correlation between the first and second periods, but there was a significant positive 
correlation between the second and third periods. Finally, for agonistic behaviors, the QAP analysis 
found significant positive correlations between the first and second period, and between the second 







We found significant reciprocity in grooming (Mantel Z-test P< 0.001), agonistic behaviors (P< 
0.044) and affiliative behaviors (P< 0.001), indicating that chimpanzees tended to reciprocate 
interactions. 
Table 2. Quadratic Assignment Procedure correlation coefficients between three 
time periods for grooming, affiliative and agonistic behaviors for the chimpanzee 
group at Chester Zoo, UK (2017). n= 342 dyads 
  Grooming Affiliative Agonistic 
Periods 1 - 2 0.316** 0.081 0.319** 
Periods 2 - 3 0.415** 0.391** 0.411** 
** Indicates correlations significant at p < 0.01. 
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Subgroup detection 
Hierarchical cluster analysis did not detect a good division into subgroups in grooming 
(Q=0.228), although the adequacy of grooming clusters was close to the cut-off of Q>0.03. There were 




We did not find significant differences between hand-reared and mother-reared chimpanzees in out-
degree (Permutation t test Z= -1.18, P= 0.251, d=0.59, Table 3), in-degree (Z= -1.40, P= 0.167, d=0.71, 
Table 3) or betweenness centrality (Z= -1.07, P= 0.292, d=0.53, Table 3), indicating that chimpanzees 
with different early life histories did not differ in the amount of grooming partners they had, or in their 
importance as interconnecting individuals between other members of the group (Table 3). 
 
Table 3. Mean (and standard deviation) grooming centrality for  
hand-reared and mother-reared chimpanzees at Chester Zoo, UK 
(2017). 
  Hand-reared  Mother-reared  
Out-degree 0.10 (0.07) 0.13 (0.04) 
In-degree 0.10 (0.04) 0.13 (0.04) 
Betweenness 3.21 (2.55) 4.29 (4.72) 
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The out-degree for agonistic behaviors was significantly higher in males than in females (Z=-2.29, P= 
0.018, d=1.26, Table 4), indicating that males directed more agonistic behaviors at other individuals 
than females did, but we found no sex differences in in-degree (Z=-1.74, P= 0.077, d=0.88) or 
betweenness centrality (Z=-.67, P= 0.519, d=0.31) (Table 4), indicating that males and females did not 
differ in the amount of agonistic behavior received or directed to other individuals. We found a 
significant effect of time period on female agonistic out-degree (symmetry test T= 2.57, P= 0.027), but 
pairwise comparisons with adjusted p values revealed no significant differences between periods 
(Table 6). We also found a significant effect of time period of male out-degree in agonistic behaviors 
(T= 2.92, P= 0.01), with pairwise comparisons revealing that male out-degree in agonistic behaviors 
was higher in period 3 than in periods 2 or 1 (Table 6). 
Table 6. Adjusted p values for pairwise 
comparisons of out-degree in agonistic behavior 
between three 4 month time periods for the 
chimpanzee group at Chester Zoo, UK (2017). 
  Females Males 
Periods 1 and 2 0.637 0.355 
Periods 1 and 3 0.142 0.046* 
Periods 2 and 3 0.087 0.046* 
* Indicates significant corrected p values. 
 
  
Table 4. Mean (and standard deviation) agonistic 
centrality by sex for the chimpanzee group at Chester 
Zoo, UK (2017). 
  Males Females  
Out-degree 0.62 (0.66) 0.112 (0.11) 
In-degree 0.40 (0.23) 0.241 (0.15) 
Betweenness 17.07 (15.47) 12.54 (14.02) 
Table 5.  Mean (and standard deviation) out-degree 
by sex during three 4-month periods for the 
chimpanzee group at Chester Zoo, UK (2017). 
  Males  Females  
Period 1 3.29 (3.45) 1.08 (1.16) 
Period 2 4.14 (5.43) 0.92 (1.16) 
Period 3 7.86 (6.20) 2.58 (2.61) 
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Discussion 
We found that the grooming network and agonistic network were stable between the three 
4-month study periods in this captive group of chimpanzees after the integration of a new adult female 
into the group. However, the network using other affiliative behaviors was only stable between the 
second and third periods. The three networks showed significant reciprocity, but we detected no 
subgroups in the group. There were no differences in grooming between hand-reared and mother-
reared chimpanzees. Finally, males performed significantly more agonistic behaviors than females 
with a large effect size, although there was no difference in in-degree, meaning that neither females 
nor males were more likely to be targeted in aggression, and betweenness centrality, which indicates 
that neither females not males were more likely to display agonistic behaviors towards less connected 
individuals. Moreover, male agonistic behavior increased significantly during the third 4-month period 
of the year. 
The grooming network correlated moderately across the three 4-month time periods of the 
study, indicating that it was moderately stable during the first year after the integration of a new group 
member. Primate networks are highly stable over time (Franz et al. 2015; Massen and Sterck 2013) 
and our results indicate that chimpanzee grooming networks retain some stability during periods 
where the group undergoes changes, supporting previous findings that indicate that grooming 
networks in captive chimpanzees correlate between periods of dominance uncertainty (Koyama et al. 
2017). The agonistic network of the group also showed moderate correlations across the three time 
periods. These results contrast with those found in a study showing that agonistic behavior reduced 
in the year following the integration of two chimpanzee groups (Schel et al. 2013). This difference in 
results can be explained by the fact that integrating two groups is a much bigger disruptor than 
integrating a single female, and it is possible that agonistic behavior increased particularly among male 
chimpanzees, as males show high intergroup aggression (Muller and Mitani 2005). Our results showed 
only a moderate correlation between the second and third time periods for affiliative behaviors, which 
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could be due to initial changes in the affiliative network in the first period, followed by more settled 
structure in the next two periods. However, the affiliative network in this study includes diverse 
behaviors such as play and sexual interactions and an alternative explanation for the lack of temporal 
stability between the first and second periods is that these affiliative behaviors serve different 
functions during these two periods. These results match those found in a study on dyadic interactions 
between newly introduced chimpanzees that showed how grooming could be observed early in the 
introduction but other affiliative behaviors such as play would appear later in the process (Brent et al. 
1997). The lack of a significant correlation between the grooming network and the affiliative network 
highlights the need to consider grooming behaviors separately from other interactions and indicates 
that this approach might offer a more nuanced picture of primate groups. 
The chimpanzee group at Chester Zoo shows high grooming reciprocity, with females 
reciprocating grooming even during periods of dominance instability (Koyama et al. 2017), and our 
results indicate that the group also shows reciprocity in other affiliative behaviors. Higher grooming 
reciprocity is associated with lower aggression rates in macaques (Macaca nemestrina Flack et al. 
2006; Macaca sylvanus McCowan et al. 2008), which may reflect a positive overall group dynamic and 
could indicate that that the integration of the new chimpanzee in the group is going well. Our results 
contrast with a study that did not find reciprocity in grooming in a sample of seven chimpanzees 
housed in a sanctuary (Funkhouser et al. 2018). This difference may have been because grooming 
reciprocity is higher among related than among unrelated chimpanzees (Fedurek and Dunbar 2009). 
The sanctuary animals were genetically unrelated (Funkhouser et al. 2018), whereas the chimpanzee 
group at Chester Zoo has several maternally-related individuals (Koyama et al. 2017). Our results 
support previous findings of reciprocity in agonistic interactions (Funkhouser et al. 2018). These data 
indicate that although some individuals are more central in the agonistic network (i.e. Dylan and 
Carlos), they do not dominate agonistic behaviors. However, it is important to consider that 
observations of agonistic behavior are often limited in captivity, particularly in big groups or in 
situations with limited space to avoid interactions (Videan and Fritz 2007). 
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Although we found distinct preferences in the way each individual interacts with others, 
hierarchical cluster analysis did not detect sub-groups. This finding supports previous findings that 
also did not find significant sub-groups in captive chimpanzees (Clark 2011; Funkhouser et al. 2018), 
although the authors stressed the need to be cautious when interpreting a lack of sub-groups, as 
groups of chimpanzees might change too quickly to be reflected when studied over a period of several 
months (Clark 2011). Studies of chimpanzees (Brent et al., 1997) and of macaques (Cowl et al. 2020; 
Rox et al. 2019) show that successful integrations might disrupt the group networks in the first four 
weeks. Our findings indicate that, in the medium-term after the integration, the overall group 
structure was moderately stable, reciprocal and cohesive, showing that the group was well adapted 
to the new arrival and did not experience strong changes during this period. The position of Vila, the 
newly introduced female, in the grooming and affiliative network showed strong ties to central 
individuals such as Dylan, and her position in the agonistic network indicated that she did not 
commonly receive or give aggression. Thus, whilst immigrant females in wild groups have significant 
effects on patterns of female-female and male-female sociality and aggression (Kahlenberg et al. 
2008a) the introduction of a single female did not appear to have a disruptive effect on the social 
network of a captive group. One important difference may be that whereas in wild groups there are 
multiple immigrant females, creating tension between resident males, resident females and 
immigrant females (Kahlenberg et al. 2008a; Kahlenberg et al. 2008b; Pusey et al. 2008), our study 
only focused on a single new female immigrant into an otherwise stable group. 
We found no significant difference in grooming centrality between hand-reared and mother-
reared chimpanzees. The two hand-reared females in the group (Mandy and Rosie) are both well-
connected to their daughters, and the increased reciprocity between kin might contribute to their 
centrality in the grooming network. Deprivation of social maternal contact during early life reduces 
grooming activity throughout adult life in chimpanzees (Freeman and Ross 2014; Kalcher-
Sommersguter et al. 2013), while research with rhesus macaques has shown that it is associated with 
less reconciliation after a fight (Kempes et al. 2008; Kempes et al. 2009), although the effect on 
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network position is still unclear. More research into the mediating effects of family relationships and, 
potentially, resocialization efforts in sanctuary settings, could help build a more detailed 
understanding of the long-lasting impact of early life on network position and social role. 
Males showed significantly higher out-degree in agonistic behavior than females with a large 
effect size, which is to be expected in chimpanzees, as males tend to show more aggression than 
females and in a wider range of contexts, from fights for dominance to food competition (Muller 
2002). In particular, three individuals held central positions in the agonistic network: Dylan, who has 
been identified as the dominant individual since 2002 (Koyama et al. 2017), and two young males that 
often display and fight with him, Carlos and Eric. In the wild, males may protect new females from 
aggression by resident females (Kahlenberg et al. 2008a). Nevertheless, we found no significant sex 
difference in in-degree or betweenness centrality, indicating that agonistic behaviors were not 
directed preferentially towards females or other males. In contrast to the high levels of aggression 
received by immigrant females in the wild (Kahlenberg et al. 2008a) Vila, the new female chimpanzee, 
did not receive above-average agonistic behavior from other members of the group, but did show 
strong grooming ties to central males in the group (Dylan during the first period and Eric throughout 
the year) which might have helped her avoid agonistic interaction with other females. Whilst there 
are important differences between patterns of sociality in captivity and the wild, for example in the 
fission-fusion social structure (Lehmann et al. 2007) our results suggest that new adult females 
introduced into captive groups may follow the strategy seen in wild chimpanzees of forming stronger 
associations with males than females (Kahlenberg et al. 2008a). Further research could examine 
whether this is a consistent finding when new adult females are introduced in captivity, whether males 
intervene to prevent the new female receiving aggression in captive settings as they do in the wild 
(Kahlenberg et al. 2008a) and whether the social network of wild chimpanzee groups also shows 
stability when new adult females enter the group. 
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Interestingly, male agonistic behavior significantly increased during the third period of the 
study. Although space restriction due to bad weather was more common during the last period of the 
study, this is unlikely to be a determining factor in the increase of male agonistic behavior, as studies 
found no differences in mutual grooming and agonistic behavior in the same group during periods of 
space restriction (Koyama and Aureli 2019). Instead, this increase in male agonistic behavior is likely 
to indicate intensification of the conflict between the dominant male and the two young males that 
were beginning to challenge his dominance. 
We must consider several limitations when interpreting our findings. First, the affiliative 
network groups together social play, begging, sharing food and sexual behaviors. We included this 
affiliative network to give a more comprehensive picture of affiliation in the group than relying only 
on grooming. However, grouping behaviors can present problems when the behaviors might have 
different functions and may explain why some researchers focus solely on grooming networks 
(Funkhouser et al. 2018; Kalcher-Sommersgutter et al. 2015; Koyama et al. 2017; Levé et al. 2016; 
Schel et al. 2013). Considering additional affiliative behaviors separately instead of grouping them may 
be a valuable approach in future. Future research could also consider the use of multi-layered 
approaches to the study of affiliation, which allow researchers to integrate and examine multiple 
indices of social interactions (Silk et al. 2013; Silk et al. 2018; Smith-Aguilar et al. 2019). 
 A second limitation is that the study examined the development of the group structure after 
the integration of a new female but did not use data prior to the integration. We cannot assess 
changes in the network as a consequence of the arrival of the new chimpanzee. Instead, we focused 
on the medium-term stability of the group structure. Similarly, we do not include information from 
before Vila had access to the full enclosure, which could be valuable in interpreting her position in the 
networks and her individual ties. 
Despite these limitations, our findings extend previous work on social networks in primates 
(Clark 2011; Funkhouse et al. 2018; Koyama and Aureli 2019; Koyama et al. 2017; Massen and Sterck 
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2013; McCowan et al. 2008; Silk et al. 2012) by examining how a chimpanzee group adapted to the 
integration of a new adult female, as well as investigating the effects of rearing history and sex in the 
social network. The group structure proved to be moderately stable and cohesive during the first year 
after the introduction of the female, suggesting that the integration was successful, although affiliative 
behaviors were only stable in the second and third periods. Rearing history did not significantly affect 
grooming centrality. Males were more agonistic than females, particularly during the third period. The 
new chimpanzee, Vila formed strong grooming ties to central male individuals in the group and was 
not strongly connected in the agonistic network, indicating that she was not a common target of 
agonistic behavior and that she did not direct frequent agonistic behaviors at others. Further research 
could examine primate social networks before new introductions to better understand changes 
produced by the arrival. The findings show that chimpanzee groups can adapt well to new integrations 
and illustrate how Social Network Analysis can be used to understand primate behavior in captivity, 
potentially helping management decisions. 
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Appendix 1. Ethogram modified from Clark (2011), showing sampling methods, affiliative, agonistic 
and state behaviors recorded as well as frequency and percentage of each behavior for 
affiliative and agonistic behaviors. 
Sampling method   Description 
Frequency and 
percentage 
Ad libitum sampling 
Affiliative   
Embrace Embrace or hug another individual 35 (11.5%) 
Social play 
Tussle and chase another individual. May be 








Allow another to share the same piece or small 
pile of food. Handle food with another or 
tolerate food being taken 
11 (3.6%) 
Sexual 
Heterosexual mount that may be followed by 
thrust and intromission. Inspect genitals to 
solicit sexual activity 
40 (13.1%) 
Other Other affiliative behaviors not listed above 58 (19%) 
Ad libitum sampling 
Agonistic   
Dominance mount 
Mount another individual in a nonsexual 
context, or position rear-end toward another to 
solicit mounting 
38 (13.9%) 
Displace or supplant 
Approach another individual and cause their 
retreat. May be related to access to a resource 
such as food 
110 (40.1%) 
Noncontact threat 
Various behaviors including charge and lunge. 
May be accompanied by bristling hair. Display 
aimed at group, sub-group or one individual 
47 (17.2%) 
Attack Physical aggressive contact such as hit or bite 79 (28.8%) 
One-minute focal scan 
sampling 
State Behaviors   
Proximity 




Eat or drink from diet, enclosure substrate, or 
food-based enrichment 
 
Forage Actively search for food  
Locomote Move bipedally or quadrupedally  
Explore 
Investigate environment, but not in relation to 
food. Vigilant to visitors or keepers 
 
Rest Rest or sleep in varying postures  
Social 
Agonistic and affiliative behavior. Specific social 
interactions recorded separately (see below) 
 
Auto groom 
Pick through own hair, examine skin, and 
remove dirt and detritus 
 
Allo-groom 
Pick through the hair of another individual, 
examine skin, and remove dirt and detritus. 
Behavior may or may not be reciprocated 
 
Other Any behavior not listed above   
 
